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Summary
In our first report, we presented a methodology for determining the critical metacentric height of an Indonesian RoRo passenger ship in the light of the annual capsizing probability calculated with the piece-wise linear mathematical model and existing wave statistics. Then, the second report, with this methodology and more realistic data sets, concluded that the calculated annual capsizing probability of the Indonesian RoRo passenger ship almost coincides with the actual casualty statistics. In the present report, the authors attempt to take some human elements, e.g. judgement of the ship masters to avoid bad weather and effects of overloading, into account for estimating the capsizing probability based on the above method. By comparing it with acual casualty statistics, the frequent capsize of Indonesian RoRo passenger ships can be reasonably well explained with these human elements. Pannual : annual capsizing probability
Introduction
As it is mentioned in the previous reports"), some capsizing cases of RoRo ships in Indonesian water areas have occurred. According to the casualty statistics's), there were 7 cases of ship capsizing in six years (1994) (1995) (1996) (1997) (1998) (1999) (2000) . This is not a small number for this country, in which two-third of the area consists of waters and marine transportation is one of the most important means to transport people and vehicles among the islands. This condition makes the study on the ship safety to avoid capsizing urgent.
Responding this urgent problem, in the first report° the methodology for calculating annual capsizing probability based on an uncouple roll equation with the piece-wise linear approximation and the existing wave statistics5) was presented. Moreover, in that report, the way to determine the critical metacentric height by specifying acceptable risk level was presented as well, but the calculated annual capsizing probability is too small to explain the frequent ship capsizes occurred in Indonesian waters.
In the second repore, by applying the same methodology as in the first report but with more realistic data sets, i.e. ship geometry, hydrodynamic data taken from the experiment and extrapolated wave statistics to some extent, for covering waves having small probabilities but importance in predicting annual capsizing probability, numerical results was presented to explore the probable cause of frequent ship capsizing in Indonesian waters. The result showed that the calculated annual capsizing probability almost coincides with the actual capsizing rate and it also pointed out that by closing the side openings the annual capsizing probability can be reduced drastically.
In the next report3), the effects of some important factors, considered as input parameters in the calculation of annual capsizing probability, such as resolution of waves statistics, time duration of waves and roll damping coefficients were examined to verify the conclusions in the second report. The results of this examination showed that the conclusion in the second report was supported, in other words, the methodology that has been used for predicting the annual capsizing probability in the previous report can be considered as appropriate, at least from a practical point of view.
However, in the second report, the wave statistic data from Global Wave Statistics5 (GWS) were extrapolated to the level of significant wave height equal to 14.5 meters.
At first, this huge extrapolation was aimed to cover the waves having small probabilities but possible significant effect to the annual capsizing probability, but this level of significant wave height seems to be unrealistically large in the Indonesian water areas.
Meanwhile, the casualty report4) indicates that ships capsize with the wave height of 3 meters or less, as shown in Fig. 1 . This indication seems to be not relevant to the above-mentioned theoretical results.
Therefore, in this report, the authors attempt to provide reasonable answer to the raised question by considering the "human elements" (such as , avoiding bad weather or overloading), which are often overlooked in the theoretical analysis.
Although a general theoretical framework of the effect of human elements on capsizing probability was provided by Sevastianov6), numerical results have been rarely reported).
Outline of Calculating Method
As presented in the first report2), the methodology to calculate capsizing probability of a ship in a stationary wave state during a certain time duration, P(H/1/3,T01,T), proposed by Belenky8) is used. In this method, the restoring arm curve is approximated as piece-wise linear.
The probability here can be calculated as the product of the probability exceeding a threshold and the conditional probability of instability in the range over the threshold. Because of linearity of each range, these probabilities can be analytically calculated.
Once the capsizing probability for a stationary wave state is obtained, the annual capsizing probability, P annual can be evaluated as follows: (1) where (2) .
As presented in the first report°, however, the occurrence of rare but high waves plays an important role in the predicting of annual capsizing probability. Thus, it is necessary to extrapolate the GWS data for covering waves having small probabilities. For such extrapolation, as presented in the second repore), the extrapolation method proposed by Shinkai et. al.9) for North Atlantic and North Pacific Ocean by using logarithmic normal distribution is applied. In the present report, the GWS data is extrapolated to the level of the resolution of 10-5.
Capsizing Probability with Some Human Elements
Taken into Account
Human elements are closely related to ship safety in all the way. The judgment of ship master in the voyage from the departing point to the arriving point directly influences the safety of his ship. As Manum mentioned in his paper10) that human errors are the reason of 60-80 % of all stability accidents. This is the reason why human elements are so important for stability of ships.
Human elements consist of avoiding bad weather, over loading, insufficient lashing and opening vehicle doors and so on. Obviously, these factors are subjected to the judgment of ship master and his crew to maintain stability during the voyage. The sea condition that might be experienced and the maximum amount of loading that ship can transport become important considerations for the ship master before leaving the harbor. Thus, under the theme of this work, it can be said that the judgment of the ship master might influence the probability of ship capsizing.
Based on that opinion, this report attempts to evaluate the first two elements i.e. avoiding bad weather and overloading from a probabilistic point of view.
Instead of the equation (2), by considering height of center of gravity, KG, draught of ship, dm, and the maximum significant wave height, H113, the equation can be rewritten as, (3) .
In this equation, fL and qA are introduced to the formula. These are new input parameters, introduced into the equation to taken the element of overloading into account, as a joint probability density function of KG and draught, fL, and avoiding bad weather, as a conditional probability of a ship avoiding bad weather, qA. In this case, a term of bad weather is defined with certain level of significant wave height. Then, it is necessary to determine the level of significant wave height as a threshold, Hc. If the ship navigates or exists in the region below the threshold, the ship is assumed to experience acceptable weather condition or in other words the probability of acceptable weather condition is equal to one. In the other hand, if the ship navigates or exists beyond the threshold, the ship is assumed to experience bad weather condition or in other words, probability of acceptable weather condition is equal to zero. Thus, this effect can be expressed by Here, based on the casualty records4), the threshold of significant wave height is assumed to be equal to 3.5 meters.
Then by substituting Eq. (4), into Eqs. (1) and (3) the annual capsizing probability, Pan""cd , can be obtained. Table  1 and Figs. 3 and 4 . The ship has several side openings at the RoRo space with scuppers.
Since these openings are not water tight, the superstructure above the RoRo deck, except for forecastle and poop, should be excluded for stability calculation. The restoring arms curves of the ship for different draughts are shown in Fig. 5 with the 1 meters decrease of critical wave height from the threshold, 3.5 meters, meanwhile it increases by 35.59%, in average, with the increase of 2 meters crirical wave height from the threshold. This indicates that the judgment of ship's master to avoid bad weather can significantly reduce the value of the annual capsizing probability.
Next, Fig. 9 shows the annual capsizing probability as a function of KG for different draught values.
As it is shown in this figure, the changing draught also gives significant effect on the annual capsizing probability. The actual risk level can be exceeded only by increase of 0.2 meters in draught.
As it is acknowledged, that freeboard is one of the important parameter in stability of ship. The decreasing of freeboard can directly influence the ability of ship to return to the upright position after some force acting on the ship because of the decreasing in energy that needed to bring the ship back to the upright position. 
Concluding Remarks
The following conclusion can be drawn from this work: 1.
Some human elements on the annual capsizing probability have been examined in this report.
2.
Even with the master's action for avoiding had weather, the frequent capsizes can be explained with small deviation from designed draught.
3.
The value of the annual capsizing probability increase significantly with the decrease of 0.4 meters freeboard.
4.
The actual capsizing rate can be exceeded by only small value of standard deviation from ship's designed draught.
5.
Other than closing of the side openings, the annual capsizing probability can be reduced by shifting the mean draught to the level below the ship's designed draught. 
